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A PHOTONIC SWITCHING DEVICE 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based on French Patent Application No. 01 00 460 filed 
January 15, 2001, the disclosure of which is hereby incorporated by reference 
5 thereto in its entirety, and the priority of which is hereby claimed under 35 U.S.C. 
§119. 

BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a photonic switching device for switching 
1 0 data taking the form of digital optical signals constituting optical packets. 
Description of the prior art 

An optical packet is typically a protocol data unit (PDU) which, in the 
context of the present application, can be either fixed or variable. Consequently, this 
does not imply any restrictive hypothesis as to the format of the optical packet and 
15 the manner in which the packet is filled. 

An optical packet arriving at an input port of a switching matrix contains 
routing information that can be used to route the packet within the switching matrix 
to one or more output ports. 

A photonic switching matrix includes a plurality of input ports and a plurality 
20 of output ports. Thus it can happen that optical packets from a plurality of input ports 
must be switched to the same output port. Thus a plurality of optical packets 
intended for the same output port can arrive simultaneously, creating a conflict 
phenomenon known as contention. 

In the prior art, this contention problem is solved by using buffer memories. 
25 Thus buffer memories can be disposed within the switching matrix. In this type of 
switching matrix, which is provided with a centralized buffer memory, the optical data 
packets supplied by the input ports are stored as they arrive and are then supplied 
to the output ports one by one. The buffer memory is controlled as a function of 
routing information indicating for each data packet to be switched the output port of 
30 the matrix to which that data packet is intended. Control means select the storage 
time in the buffer memory to constitute a queue for each output, avoiding conflicts 
between two data packets to be switched to the same output and reaching the input 
of the switching matrix at the same time. 

While it is being routed between an input port and an output port, the optical 
35 data packet is therefore routed to an optical buffer memory common to all the 
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outputs of the matrix, in which it is stored for a time period that can be selected 
between 0 and K.Tc, K being an integer and Tc being the duration of a data packet. 
The duration of a data packet is the time necessary to transmit a data packet to an 
output port. A buffer memory consists of optical delay lines that supply data packets 
5 staggered in time to the same output port. 

However, this type of architecture, in which contention is resolved within the 
matrix itself, has a number of disadvantages. In particular, in this type of architecture 
all the traffic enters the memories. Now, buffer memory being a rare resource in 
optics, this architecture is deficient in terms of statistical division multiplexing. 
10 Moreover, consuming buffer memory resources, the prior art architecture described 
above is costly and complex to implement. 

There are also architectures in which the buffer memory is external to the 
switching matrix. 

The invention relates to this latter type of architecture, in which the buffer 
1 5 memory is external to the switching matrix. 

In prior art architectures of this type, the buffer memory is shared for all the 
traffic in conflict. Thus only the traffic in conflict uses the buffer memory resource. 
Also, some output ports of the switching matrix are specifically dedicated to buffer 
memory access. 

20 With this type of architecture a number of ports dedicated to buffer memory 

access are added and, when contention occurs, the optical packets that can be 
switched are sent over the normal lines. 

Consequently, the size of the matrix is increased to enable sufficient buffer 
memory access whilst retaining acceptable performance in terms of the average bit 

25 rate at each input port. 

One of the major disadvantages of this type of architecture, with a buffer 
memory external to the matrix and dedicated ports for buffer memory access, is 
therefore that it requires an increase in the size of the matrix of the order of 20 to 
25% to achieve correct switching performance. 

30 Also, the problem that the invention proposes to solve is that of using a 

photonic switching matrix in which there is no longer any contention between the 
optical packets, whilst alleviating the disadvantages of the prior art described above, 
which relate in particular to the use of the buffer memory resource and to the size of 
the switching matrix. The object of the invention is therefore to propose a photonic 

35 switching matrix that is simpler and less costly than prior art matrices. 
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To this end, the invention starts from the observation that no more traffic 
can leave a node than enters the node. Accordingly, when contention occurs, there 
are as many free output ports as there are optical packets in contention. The 
invention then consists in using the existing output ports to access the buffer 

5 memory. To this end, a 1-to-2 switching function is provided behind the output ports 
of the matrix. In this way, all the output ports of the matrix are a potential point of 
access to the buffer memory. 
SUMMARY OF THE INVENTION 

The invention therefore provides a photonic switching device for switching 

10 without contention data in the form of optical packets, the device including a space 
switching matrix with a plurality of input ports and a plurality of output ports and a 
unit external to the space switching matrix including a buffer memory common to all 
the output ports of the matrix, wherein each of the output ports provides access to 
the buffer memory via a space switching stage consisting of switches having a 1-to-2 

15 switching function. 

The invention will be better understood and other features and advantages 
will become more clearly apparent from the following description of one embodiment 
of the invention, which is given with reference to the single figure of the 
accompanying drawing. 

20 BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a diagrammatic representation of a photonic switching device 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 therefore shows an NxN space switching matrix 1. in the figure 1 
25 example, N is equal to 16. The matrix 1 therefore has 16 input ports e1, .... e16 and 

16 output ports s1, s16. Of the 16 output ports of the matrix, output ports s1 to s4 

are dedicated to destination A, ports s5 to s8 to destination B, ports s9 to s12 to 

destination C, and, finally, ports s13 to s16 to destination D. 

A unit 2 external to the space switching matrix 1 includes an optical buffer 
30 memory 4 common to all the outputs of the matrix 1 . The buffer memory 4, which is 

external to the matrix, is provided for selectively delaying each optical packet in 

contention, i.e. the packets to be switched to the same destination and thus in 

conflict. 

The buffer memory preferably consists of optical delay lines. An optical 
35 emitter, not shown in figure 1 , is placed after the buffer memory for regenerating the 
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optical packets stored in the buffer memory to send them to input ports of the matrix 
1 referred to as recirculation ports. 

Each of the output ports s1 to s16 has a 1-to-2 space switching function. To 
this end, the device includes a space switching stage 3 consisting of 16 1-to-2 
5 switches SW1 to SW16. Each output port s1 to s16 of the matrix 1 therefore 
provides access to the buffer memory 4 via the space switching stage 3 consisting of 
the switches SW1 to SW16 providing a 1-to-2 space switching function. 

Sixteen optical packets OP1 to OP16 arrive at the respective sixteen input 
ports e1 to e16 of the photonic switching matrix 1 . 
10 In the figure 1 example, a conflict occurs between optical packets for 

destination D. Six optical packets OP4, OP5, OP6, OP8, OP9 and OP10 that arrive 
at the same time are intended to be switched to the output port D of the matrix 1. 
However, only four output ports s13 to s16 are available. 

Firstly, all the optical packets in transit that can be processed without 
15 contention are assigned to the output ports of the matrix dedicated to destination D. 
Accordingly, the optical packets OP6, OP8, OP9 and OP10 are respectively 
assigned to the output ports s13 to s16 of the matrix 1 . 

The remaining two optical packets OP4 and OP5, which are optical packets 
to be switched to the same destination D and thus in conflict, are assigned to free 
20 output ports of the matrix, namely the ports s1 and s9 in the figure 1 example, in 
order to be able to access the buffer memory 2. 

Returning to the original postulate of the invention, there cannot be more 
incoming traffic than outgoing traffic at a node so that, if contention occurs, there are 
as many output ports free as there are optical packets in contention. 
25 Thus, the output ports s1 and s9, which are existing ports of the matrix 1, 

and which are not used when there is contention, provide access to the buffer 
memory via the switches SW1 and SW9. 

All the existing output ports s1 to s16 of the matrix 1 therefore become a 
potential point of access to the buffer memory, thanks to the switches SW1 to SW16 
30 added behind each of them. It is therefore not necessary to provide ports specifically 
dedicated to buffer memory access. 

Various solutions can be envisaged for implementing the switching function 
of the switches SW1 to SW16 enabling optical packets in conflict to access the 
buffer memory from existing output ports of the photonic switching matrix. 
35 Thus the optical signal can be regenerated by means of an opto-electronic 
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switch. A device of this kind includes an optical receiver, for example a photodiode, 
and an optical emitter, for example a light-emitting diode or a laser diode, providing a 
light source. Regeneration being based on opto-electronic components, the data can 
be diverted directly to the buffer memory, which is an electronic buffer memory in 
5 this case, just ahead of the optical emitter. 

In a different embodiment, the switching function behind each of the output 
ports of the matrix is implemented using optical amplifier switches. An optical 
amplifier allows the signal to pass when it is turned on and eliminates the optical link 
on which it is disposed when it is turned off. 
10 Finally, another implementation of the switching function simply captures 

the signal and switches it to the optical buffer memory. 

The respective switches SW1 to SW16 placed behind each output port s1 
to s16 of the matrix therefore enable optica! packets in contention to access the 
buffer memory via existing output ports of the matrix. 
15 it is therefore unnecessary to provide output ports specifically dedicated to 

buffer memory access. According to the basic principle of the invention, because 
there is no more outgoing traffic from the node than incoming traffic to the node, 
there are as many free output ports as there are optical packets in contention. 

Those free output ports are then used to access the buffer memory via 
20 switches placed behind them. 

The same principle can also be applied to access to the extraction ports, 
which are also a cause of loss of optical packets because of contention problems in 
prior art architectures. 

Accordingly, the output ports of the matrix that are free when optical 
25 packets are in contention can be used not only for access to the buffer memory but 
also for access to the extraction ports. 

Consequently, in this particular embodiment of the invention a switch unit 5 
between the space switching stage 3 and the buffer memory 4 differentiates, on the 
one hand, traffic intended for extraction and, on the other hand, traffic that must pass 
30 through the buffer memory 4 in order to be delayed. 

To obtain a matrix operating with zero contention, the switch 5 is made up 
of as many individual 1-to-2 switches as there are output ports of the matrix 1. In the 
figure 1 example, the switch 5 therefore consists of 16 individual 1-to-2 switches. To 
generalize, if N is the number of input and output ports of the switching matrix 1 , the 
35 switch 5 is then made up of w individual switches where w = N. 
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The photonic switching device according to the invention therefore 
eliminates the problem of contention between optical packets. Another advantage of 
the device according to the invention is that the size of the switching matrix is 
approximately 20% less than in prior art architectures, although performance is 
5 improved and cost is reduced. 
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